The Edong-Jiurui district is located more than 1000 km from the current Pacific subduction zone. It is part of the well-known middle and lower Yangtze River Cu-Fe-Au belt in central eastern China. Cu mineralization in this area is spatially and temporally associated with Late Mesozoic magmatic rocks. These rocks exhibit geochemical features of adakites, but their origin is not yet fully understood. To explore the relationship between Cu mineralization and Mesozoic magmatism, we report geochemical, Sr-Nd-Pb isotopic, and zircon U-Pb age data from adakitic rocks in the Edong-Jiurui area. Zircon U-Pb ages point to a protracted period of magmatic activity from 151 to 139 Ma. This time span coincides with the Cu mineralization (146-137 Ma) in the middle and lower Yangtze River belt. Adakitic features of the rocks are displayed by high contents of SiO 2 , Al 2 O 3 , Na 2 O, and Sr; enrichment of light rare earth elements (REEs) and large-ion lithophile elements; depletion of heavy REEs; positive Sr and negative Nb, Ta, and Ti anomalies; and high Sr/Y and La/Yb ratios. We favor a model of melt segregation from a plagioclase-free and garnetbearing residue. Compared to non-Cu-bearing Mesozoic adakitic rocks in the Dabie terrane, adakitic rocks in the Edong-Jiurui area have higher initial Nd values (Ϫ3.4 to Ϫ6.3), Pb isotopic ratios, and Th contents and lower Pb/Ce values. Altogether, these features indicate that the melts were probably derived from subducted ocean mixed with marine sediment.
Introduction
The middle and lower Yangtze River belt (MLYRB) is one of the largest metallogenic provinces in eastern China, hosting numerous copper, iron, gold, and molybdenum deposits. The genesis of the polymetallic mineralization, particularly the origin of copper, is strongly debated (e.g., Chang et al. 1991; Shu et al. 1992; Chen and Jahn 1998; Wang et al. 2003 Wang et al. , 2004a Wang et al. , 2004b Wang et al. , 2006a Wang et al. , 2006b Wang et al. , 2007b Mao et al. 2006; Xie et al. 2007 Xie et al. , 2008 Xie et al. , 2011b Xie et al. , 2012b Li et al. , 2009b Yang and Zhang 2012) . In the Edong-Jiurui district, western MLYRB, there is a close spatial and temporal relationship between magmatic rocks and mineralization (Xie et al. 2007 (Xie et al. , 2008 (Xie et al. , 2011b Li et al. 2008 Li et al. , 2009b Yang and Zhang Manuscript received April 22, 2013; accepted October 13, 2013 ; electronically published January 3, 2014.
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2012). Almost all MLYRB magmatic rocks have adakitic features (Wang et al. 2003 (Wang et al. , 2007b Xie et al. 2008 Xie et al. , 2009 Xie et al. , 2012a Ling et al. 2009; Sun et al. 2012a Sun et al. , 2012b . Also, previous zircon dating studies suggest that magmatic rocks related to Cu mineralization intruded earlier than those related to Fe deposits (Xie et al. 2007 (Xie et al. , 2008 (Xie et al. , 2011b . Different models have been proposed for the origin of the ore-related magmatic rocks in the MLYRB. These include partial melting of delaminated Yangtze lower crust (Zhang et al. 2001; Xu et al. 2002; Wang et al. 2007b ) and assimilation and fractional crystallization of mantle-derived melts (Chen and Jahn 1998; Mao et al. 2006; Xie et al. 2008 Xie et al. , 2011b Li et al. 2009b ). It has also been suggested that the melts were produced through slab melting in response to ridge subduction and finally modified by enriched mantle components and crustal material (Ling et al. 2009 Liu et al. 2010; Sun et al. 2010) . However, these different models have not been tested for plausibility for the magmatic rocks in the Edong-Jiurui district, which is hundreds of kilometers west of the eastern part of the MLYRB. In this study, we present geochronological and geochemical data of 21 magmatic rocks and two mafic dikes from this area. The findings pertain to a better understanding of the adakitic character and the intrusion-related origin of copper mineralization in the MLYRB.
Geological Background
The Edong-Jiurui area is well known for its remarkable skarn, porphyry, and strata-bound Cu-FeAu-Mo polymetallic ore deposits in the MLYRB ( fig.  1 ). Mineralization is sited in a number of large Mesozoic calc-alkaline intrusions. The Cu-related magmatic rocks include gabbro/diorites, granodiorites, quartz granodiorites, and granite porphyries. Rocks impregnated with abundant iron formed later and mainly comprise mafic dikes, quartz monzonites, granites, and volcanic rocks (Mao et al. 2006; Xie et al. 2007; Li et al. 2008) . Altogether, more than 20 Cu-related igneous bodies are known from the Edong-Jiurui district; among them are the Yangxin pluton, which hosts the Baishazhen deposit, the Wushan and Chengmenshan plutons (Yang et al. 2011a) , and the Fengshandong, Tongshankou, and Tonglushan plutons (Xie et al. 2007 (Xie et al. , 2008 (Xie et al. , 2011b Li et al. 2008 Li et al. , 2009b Li et al. 2010b) . Igneous bodies that host economic iron deposits include the Lingxiang, Jinshandian, and Echeng plutons. Some skarn Fe-Cu deposits occur on the margins of the Tieshan and Tonglushan plutons. On the basis of U-Pb zircon ages, the formation time of ore-related magmas comprises two periods: 152-136 Ma for granitoids hosting Cu mineralization and 135-122 Ma for Fe-hosting igneous bodies (Li et al. , 2009b (Li et al. , 2010b Xie et al. 2008 ), followed by A-type granites at ∼127 Ma (Li et al. , 2012 . The age of copper mineralization was also determined by Re-Os dating of molybdenite and that of Fe mineralization by K-Ar dating of albite (Wu and Zou 1997; Sun et al. 2003; Mao et al. 2006; Xie et al. 2007; Li et al. 2008) . The dating results show that the ages of Cu mineralization and Fe mineralization (140-121 Ma; Sun et al. 2003; Mao et al. 2006; Xie et al. 2007; Li et al. 2010b ) are almost indistinguishable from the ages of the host rocks.
Sedimentary units of the Edong-Jiurui district consist of Ordovician to Middle Triassic shallowmarine clastics and carbonates, Late Triassic to Cenozoic continental deposits, and Cretaceous volcanic rocks that overlie older Precambrian basement units (e.g., Xie et al. 2011b; Yang et al. 2011a) . The pre-Triassic strata were intensely folded during the Middle Triassic collision between the Yangtze and North China cratons. Late Cretaceous-Tertiary clastic sediments are restricted to the western Edong district (Shu et al. 1992) . The Cretaceous volcanic rocks constitute a typical bimodal suite, with mafic rocks similar to Phanerozoic Nb-enriched basalts and andesites. SHRIMP zircon U-Pb ages show that the volcanic activity lasted from 130 to 125 Ma (Xie et al. 2011a) .
The Dabie orogen lies to the north of the MLYRB and is part of the 2000-km-long Qinling-Dabie-Sulu orogen formed during the Triassic subduction/collision of the Yangtze and North China blocks  fig. 1 (Ma et al. 2004; Wang et al. 2007a; Xu et al. 2007; He et al. 2011) . The Tiantangzhai adakitic intrusion is the biggest pluton, with an outcrop area of more than 400 km 2 ; it exhibits high SiO 2 and K 2 O contents, low Mg# values, and enriched Sr-Nd-Pb isotopic characteristics, and this intrusion is recognized from partial melting of thickened lower continental crust (Wang et al. 2007a; Xu et al. 2012a) . The Meichuan adakitic intrusion has slightly lower SiO 2 content, higher Mg# value, and higher Cr and Ni contents than the Tiantangzhai intrusion, and hence this intrusion is interpreted as the product of partial melting of delaminated lower continental crust mixing with fertile mantle material (Zhang et al. 2010; Xu et al. 2012b ).
Analytical Methods
Rock samples were broken in a jaw crusher and powdered to less than 200-mesh particle size before major-and trace-element analyses. Major-element oxides of whole rock were measured with an X-ray fluorescence spectrometer at Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing, and analytical procedures are described in Gao et al. (1995) . Repeated analyses of every five samples for major-element oxides show that relative standard derivations for major-element oxides are within 5%. Trace-element contents were analyzed on an Agilent 7500a inductively coupled Figure 1 . a, Distribution of ore deposits in the middle-lower Yangtze River belt (after Pan and Dong 1999; Xie et al. 2008 Nd. Precision of the measured Pb isotopic ratios is better than 0.01%. For more details, see Chen et al. ( , 2007 .
Zircons were imaged for internal structures by the cathodoluminescence (CL) technique, with a CAMECA SX-50 microprobe at Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing. Operating conditions were a 15-kV accelerating voltage and a 19-nA beam current. The CL images were used as a guide to find appropriate spots for the laser ablation (LA-)ICP-MS analysis. U-Pb dating by the LA-ICP-MS technique was performed at the Key Laboratory of Crust-Mantle Materials and Environments, Hefei. Zircon 91500 was used as an external calibration standard for age calculation, and NIST610 was analyzed twice for every 10 analyses for concentration calculations of U, Th, and Pb. Further analytical details are given in Liu et al. (2007) . U-Pb isotopic ratios were calculated with the Glitter software, version 4.0, and UPb calculation was performed with the Isoplot program (Ludwig 2003) . All errors are quoted as 2j.
Analytical Results
For the analysis of the Cu-related adakitic rocks, samples least affected by hydrothermal fluids were chosen. Under the microscope, the granitoids exhibit a uniform mineral assemblage, consisting of variable amounts of plagioclase, hornblende, quartz, K-feldspar, and biotite. Common accessory minerals include titanite, apatite, and zircon. Dark minerals, present in almost all the samples, are magnetite, chalcopyrite, and pyrite. Thin-section microphotographs of representative samples are shown in figure 2 .
Sample FK10-155 is from the Wushan pluton ( fig.  2a ) and displays a porphyritic texture, with phenocrysts forming 30-40 vol% of the rock. Major phenocryst phases are plagioclase (55-65 vol%), biotite (30-40 vol%), minor hornblende (5-10 vol%), and K-feldspar (∼5 vol%), set in a very fine-grained matrix composed of quartz (20-30 vol%), hornblende (10-15 vol%), plagioclase (30-40 vol%), Kfeldspar (10-15 vol%), and biotite (10-15 vol%).
Sample FK10-160 (Xiachaohu pluton; fig. 2b ) has a medium-grained texture and mainly comprises plagioclase (65-75 vol%), hornblende (15-25 vol%), and minor K-feldspar (5-10 vol%). Plagioclase shows subhedral, zonal texture and albite twins. Huge crystals of titanite (1500 mm) are frequent in this rock.
Sample FK10-163 comes from the Fengshandong pluton ( fig. 2c ) and shows a porphyritic texture with phenocrysts (40-50 vol%) of plagioclase (50-60 vol%), biotite (15-25 vol%), and hornblende (10-20 vol%), surrounded by a very fine-grained matrix composed of quartz (55-65 vol%) and plagioclase (45-55 vol%).
Sample FK10-172, which comes from the Yangxin pluton ( fig. 2d ), is composed of plagioclase (45-55 vol%), hornblende (20-30 vol%), quartz (10-15 vol%), and K-feldspar (10-15 vol%). Plagioclase generally forms subhedral crystals with polysynthetic twins, whereas hornblende and quartz grains are xenomorphic.
Sample FK10-182 ( fig. 2e ), collected from a medium-grained, equigranular quartz monzonite of the Tonglushan pluton, is dominated by plagioclase (55-65 vol%), hornblende (15-25 vol%), K-feldspar (10-15 vol%), quartz (5-15 vol%), and rare pyroxene (!1 vol%). Large crystals of titanite are embedded in the matrix.
Sample FK10-192, from the Tongshankou pluton ( fig. 2f) , is a granodiorite, characterized by a porphyritic texture. The sample contains phenocrysts (25-35 vol%) of plagioclase (65-75 vol%), hornblende (10-20 vol%), and K-feldspar (10-15 vol%), surrounded by a very fine-grained matrix of plagioclase (60-70 vol%), K-feldspar (10-20 vol%), quartz (10-20 vol%), biotite (5-10 vol%), and hornblende (∼5 vol%). The matrix of this sample also contains large crystals of titanite.
Sample FK10-158, a porphyritic mafic dike intruding the Xiachaohu pluton ( fig. 2g ), is gabbroic to dioritic in composition and is mainly composed of plagioclase (30-40 vol%), hornblende (35-45 vol%), pyroxene (10-20 vol%), and biotite (10-15 vol%). The most abundant minerals among the phenocrysts are subhedral hornblende and euhedral pyroxene.
Zircon U-Pb Ages
Zircon U-Pb isotopic data of seven samples are summarized in table 1 (detailed analytical results can be obtained in table S1, available online). U-Pb 
Whole-Rock Geochemistry
Major-and trace-element contents are given in table A1 (tables A1-A4 available online), and the Harker variation diagrams are shown in figure 4. SiO 2 varies from 54.2 to 74.5 wt%, Al 2 O 3 from 11.6 to 16.7 wt%, MgO from to 0.8 to 6.8 wt%, and TiO 2 from 0.37 to 0.93 wt%. Al 2 O 3 , Fe 2 O 3 , CaO, and P 2 O 5 decrease with increasing silica contents ( fig. 4 ), as would be expected for fractional crystallization trend. The data also indicate a mainly subalkaline to high-K calc-alkaline composition ( fig.  5d ). In the A/NK ( fig. 5a ) and high La/Yb (124) ratios ( fig. 5b) , and their geochemical features are similar to those of high-silica adakites (HSAs; Defant and Drummond 1990; Martin et al. 2005; Xie et al. 2008 ). All Edong-Jiurui samples possess similar chondrite-normalized rare earth element patterns without significant negative Eu anomalies and also possess similar primitive mantle-normalized trace-element patterns ( fig. 6 ), consistent with those in the eastern MLYRB (e.g., Wang et al. 2003 Wang et al. , 2004a Wang et al. , 2004b Wang et al. , 2006a Wang et al. , 2006b Wang et al. , 2007b Ling et al. 2009; Liu et al. 2010 ). Compared to high-magnesium adakitic rocks (HMAs) and low-magnesium adakitic rocks (LMAs) from the Dabie Mountains, magmatic rocks of the Edong-Jiurui district have lower SiO 2 content; higher CaO, Fe 2 O 3 , Al 2 O 3 , TiO 2 , and P 2 O 5 contents; and lower Sr/Y ratios, as well as lower Cr and Ni contents ( fig. 4 ).
Sr-Nd-Pb Isotopic Composition
Whole-rock Rb-Sr and Sm-Nd isotopic data for the magmatic rocks from the Edong-Jiurui district are given in table A2, and Pb isotopic data are given in Sr ratios than the adakitic rocks of the Dabie Mountains, shown in figure 7 (Wang et al. 2007a; Huang et al. 2008; Zhang et al. 2010; Ling et al. 2011; Xu et al. 2012a Xu et al. , 2012b . With respect to worldwide Cenozoic slab-derived adakites, the Edong-Jiurui Cu-related rocks are shifted toward higher Sr and lower Nd isotope ratios ( fig. 7) fig. 9 ) from the Edong-Jiurui district are included, this time period widens insignificantly, to 152-136 Ma. From the existing age data, it becomes obvious that magmatism and Cu mineralization oc- curred contemporaneously during Late Jurassic to Early Cretaceous times. In numerous studies, it has been pointed out that Late Mesozoic intrusions have played a key role during the formation of porphyry-skarn Cu deposits in the MLYRB (Sun et al. 2003; Mao et al. 2006; Zhou et al. 2007; Xie et al. 2007 Xie et al. , 2011b Li et al. 2008; Ling et al. 2009 Ling et al. , 2011 . Thus, if magmatic-hydrothermal activity is accepted as the driving force for the ore deposits, this indicates a rather protracted period of mineralization in the Edong-Jiurui district.
Recently, U-Pb zircon LA-ICP-MS ages were reported for mafic dikes in the Wushan deposit (Yang et al. 2011a) . Their formation time indicates that the magmatism in this area lasted from 148 to 143 Ma; a late-stage dike that yielded an age of Ma might represent the end of magma-142.6 ‫ע‬ 1 tism in the Wushan ore deposit. Our zircon U-Pb age of a mafic dike from the Xiachaohu Cu-bearing intrusion ( Ma; fig. 3 ) closely matches 144.3 ‫ע‬ 2.4 this time period and possibly marks the termination of magmatism and mineralization in the Xiachaohu area. Interestingly, in the eastern part of the MLYRB (Tongling-Anqing district), there is little evidence for magmatic activity before 145 Ma, and mafic dikes of ∼143 Ma seem to be absent. These observations demonstrate that magmatism declined earlier in the Edong-Jiurui area than in the Tongling-Anqing area.
A summary of zircon U-Pb ages for Cu-related magmatic rocks is given in table A4. Frequency distribution plots of zircon ages of the ore-related magmatic rocks from different parts of the MLYRB show that the peak intrusion intensity in the Tong- depletion of HFSEs (Nb, Ta, Zr, Hf, Ti), and no discernible negative Eu anomaly. To account for the adakitic characteristics of Mesozoic rocks from the MLYRB and the Dabie Mountains, several different models have been invoked. These include (1) partial melting of delaminated Yangtze lower continental crust (Zhang et al. 2001; Wang et al. 2007b ), (2) assimilation and fractional crystallization processes of fertile mantle material (Chen and Jahn 1998; Mao et al. 2006; Xie et al. 2008 Xie et al. , 2011b Li et al. 2009b) , and (3) partial melting of an oceanic ridge basalt whereby the melt was modified by material from an enriched-mantle source and/or by continental crust (Ling et al. 2009 Liu et al. 2010; Sun et al. 2010) .
The Cu-related adakitic rocks in the Edong-Jiurui district define a trend in geochemical composition ( fig. 4) Contamination by continental crust is unavoidable, as the adakitic melts must transport at least 30 km of the continental crust, but there is no evidence for a large extent of crust contamination during the formation of the Cu-related adakitic rocks in the Edong-Jiurui area. Such contamination would produce positive Zr-Hf anomalies (e.g., Sun and McDonough 1989) , but there are no or only slightly negative Zr-Hf anomalies of the Cu-related plutons in the Edong-Jiurui area ( fig. 6 ). In addition, the confirmed fact that few inherited zircons have been reported is also evidence. The fractional crystallization process is common during magmatic evolutions, but the basic rocks cannot be the origin of the Cu-related rocks in the Edong-Jiurui area. First, some geochemical characteristics of the granitoids are consistent with derivation from mafic protolith, but basic rocks make up a minor part of the igneous rocks of the Edong-Jiurui district. Second, recent high-precision U-Pb zircon dating confirmed that basaltic igneous rocks were formed in the late stage (Yang et al. 2011a ), so it is inconsistent with a fractional crystallization trend. Third, geochemical features typical of adakitic rocks (e.g., Sr/Y ratio) remain nearly unchanged with increases in major oxides, such as SiO 2 and TiO 2 ( fig. 4f ). To summarize, fractional crystallization from mafic precursor rocks cannot account for the adakitic characters of the Cu-related rocks in the EdongJiurui area and their geochemical features should be produced in the source area.
Comparison with Dabie Adakites. On the basis of trace-element composition, it has been suggested (Xu et al. 2012b) , Dabie lowMg adakitic rocks (Xu et al. 2012a) , and Early Cretaceous mafic igneous rocks in the middle-lower Yangtze River belt (MLYRB; Yan et al. 2008; Liu et al. 2010) are shown for comparison. The field for mafic dikes in the MLYRB is based on data from Wang et al. (2004b) and Li et al. (2008) . The field for mid-ocean ridge basalt (MORB) and marine sediments is after Hofmann (1988 Hofmann ( , 2003 , that for the Yangtze lower crust is after Jahn et al. (1999) , and that for the Yangtze upper crust is after Chen and Jahn (1998) . A color version of this figure is available online. that adakites in the Dabie orogen (Tiantangzhai, Meichuan) are different from the ore-related magmatic rocks in the MLYRB (Liu et al. 2010; Sun et al. 2012a Sun et al. , 2012b . It has been argued that the Tiantangzhai LMAs were derived from thickened Yangtze lower continental crust, whereas the Meichuan HMAs have been interpreted as products of partial melting of delaminated Yangtze lower continental crust and mantle peridotite (Zhang et al. 2010; He et al. 2011; Xu et al. 2012a Xu et al. , 2012b .
Compared to the Dabie adakites, Cu-related adakitic rocks in the Edong-Jiurui district show larger variation in major-element content and Mg# (27-60) as well as lower Cr and Ni contents and lower Sr/Y ratios ( fig. 4) . As seen in the MgOversus-SiO 2 diagram ( fig. 12) , the magmatic rocks in the Edong-Jiurui district extend to lower SiO 2 abundances. Almost all Edong-Jiurui rocks plot in the field of adakites related to slab melting and mantle wedge interaction, as defined by Defant and Kepezhinskas (2001) . This strongly argues against a crustal origin. In the Nb/Ta-versus-Zr/Sm diagram ( fig. 13a) , the Edong-Jiurui rocks plot in or close to the area of Cenozoic adakites that originated from slab melting (Condie 2005) . On the other hand, the Dabie adakitic rocks have compositional features in common with Archean tonalite-trondhjemite-granodiorite ( fig. 12) .
It is widely accepted that the adakitic character is indicative of garnet in the slab or mantle wedge source, but other minerals, such as amphibole, can also produce high Sr/Y and La/Yb ratios. The Tiantangzhai LMAs and Meichuan HMAs originated from a source in which garnet was a residual mineral phase. On the basis of the (Dy/Yb) N -versus-(La/ Yb) N relationship ( fig. 13b) , the adakitic character of the Edong-Jiurui rocks can likewise be attributed (1997) and Plank and Langmuir (1998) ; data for N-type MORB are from Sun and McDonough (1989) ; data for Dabie adakitic rocks are from Zhang et al. (2002) . Ave. crust p average continental crust; HMA p high-magnesium adakitic rocks; LCC p lower continental crust; NHRL p Northern Hemisphere Reference Line (Hart 1984) ; BSE p bulk silicate Earth. A color version of this figure is available online.
to residual amphibole in the source. The Cu-related magmatic rocks in the Edong-Jiurui area fall in the field of garnet amphibolites ( fig. 13c, 13d) , with Y concentrations between 10.5 and 22.4 ppm, Zr/Sm ratios between 23 and 36, and Sm/Yb ratios between 3.6 and 5.7. The Tiantangzhai LMAs and the Meichuan HMAs have lower Y contents (Tiantangzhai LMAs: 7.3-19 ppm; Meichuan HMAs: 3.7-12.3 ppm), consistent with derivation from a dry residual eclogite-facies protolith (e.g., Rapp et al. 1999; Kay and Mpodozis 2001) .
Origin of the Cu-Related Adakitic Rocks. The Curelated adakitic rocks from the Edong-Jiurui district have features in common with adakites from slab melting and are different from those of the Dabie Mountains. Their depletion in Zr and Hf relative to Nd and Sm ( fig. 6 ) is difficult to explain by mineral fractionation alone. The more likely explanation is that these features reflect source information. Zr/Hf ratios of the Edong-Jiurui rocks (37.4-43.4) are close to those of MORBs (40.1; Kelemen et al. 2004) , slightly higher than those in the primitive mantle (36.3), and very different from those in continental crust (∼11; Sun and McDonough 1989) . Their siderophile element concentrations, such as Cr and Ni, differ from those in the primitive mantle but are in the range of those in MORBs.
In the primitive mantle-normalized element patterns, the Edong-Jiurui rocks exhibit considerable enrichment in LILEs and negative Nb-Ta anomalies ( fig. 6 ), similar to magmas generated in a subduction zone tectonic setting. Ling et al. (2009) proposed that slab-derived fluids and partial melts from subducted sediments have metasomatized the source region of the magmas in the MLYRB (Li et al. 2009b; Liu et al. 2010) . Slab-derived fluids have high concentrations of Ba, Rb, Sr, U, and Pb, whereas partial melts of subducted sediments are enriched in Th and LREEs (Hawkesworth and Kemp 2006) . Lavas from modern arc settings with sediment transfer typically show Th/Yb ratios of at least 2, whereas fluid-dominated arcs are characterized by Th/Yb ratios of less than 1 (Woodhead et al. 2001; Nebel et al. 2007 ). Thus, high Th/Yb ratios in the Edong-Jiurui rocks (3.9-19.1) provide some evidence that the granitoids contain a recycled sediment component.
The Pb/Ce ratio is not significantly changed by magmatic processes such as partial melting and fractional crystallization (Miller et al. 1994) . Also, this ratio is a particularly useful indicator of the presence of sediments or average crust (White and Duncan 1996) . Sediments have 2-orders-of-magnitude-higher concentrations of Pb (typically 20 ppm or more) than the mantle (!1 ppm), so addition of even small amounts of sediments to mantle shifts the Pb/Ce toward higher ratios. Consequently, continental crust has higher Pb/Ce (∼0.2-0.25; Taylor and McLennan 1985; Miller et al. 1994; Rudnick and Gao 2003) Pb ratios. On the basis of their isotope characteristics, the Edong-Jiurui rocks can be characterized as a mixture of MORB and marine sediment composition. Upper-crustal material assimilation can also produce these characters ( fig. 8c) Sr of these adakitic rocks, for comparison with Setouchi lavas (Shimoda et al. 1998; Bindeman et al. 2005) , shows a coherent positive correlation in the field for source contamination (Li et al. 2013) , illustrating that upper crust has just a limited contribution during the formation of the Cu-related rocks in the Edong-Jiurui area. Similar conclusions can be drawn from the Nb/U ratios (2.7-8.5; fig. 7) , the Edong-Jiurui rocks and mafic dikes display similar isotopic features and also plot between the fields of MORB and marine sediments.
When slab melts migrate upward to the lithospheric mantle, the melts should interact with mantle peridotite. It has been proved that the SiO 2 content of slab melts decreases significantly once the degree of the interaction exceeds about 15% (Rapp et al. 1999 ), but even a small degree of interaction can increase Mg# values dramatically, fig. 4g, 4h ) also indicate a small degree of interaction of mantle peridotite with most of the adakitic melts in the Edong-Jiurui area.
In conclusion, the origin of the magmatic rocks from the Edong-Jiurui district is best explained by melting of the down-going slab. When the melts moved upward to the earth's surface, the assimilation and fractional crystallization processes of both continental crust contamination and slabmelt interaction with lithospheric mantle should have disturbed the Cu-related rocks in the EdongJiurui area only a little. During the transition from amphibolite facies to eclogite facies, the release of water triggered melting of the slab, and these melts and associated fluids transported the metals, which constitute the mineralization in the MLYRB.
Geodynamic Model. The term adakite was introduced for rocks derived by partial melting of subducting oceanic crust (Defant and Drummond 1990) . Experimental work has shown that adakitelike melts are produced by partial melting of amphibolites (metabasalt) in the garnet stability field under water-saturated conditions or by dehydration melting of amphibolites (Beard and Lofgren 1989, 1991; Wolf and Wyllie 1991; Winther and Newton 1992; Sen and Dunn 1994; Rapp et al. 1999; Castillo 2012) . However, there is still controversy surrounding the issues of the origin of the "adakitic signature" and the geotectonic background and viable production modes for adakites (Muir et al. 1995; Barnes et al. 1996; Martin et al. 2005; Ickert et al. 2009 ).
Beginning in the early Jurassic, eastern China gradually became an active continental margin, associated with subduction of the paleo-Pacific Plate (Zhu 1998; Sun et al. 2007; Ling et al. 2009 ). The Edong-Jiurui district is located in the west of the MLYRB. The plutons form a curved belt along the southern margin of the Dabie orogenic belt that would be consistent with a northwest-directed subduction system (fig. 1a) . The geochemical and isotopic signatures of the Cu-related magmatic rocks can be best interpreted as melting of MORB-type basalts and sediments from the paleo-Pacific slab. A compilation of geochronological results including magmatic rocks from the western (EdongJiurui) and eastern (Tongling-Anqing) parts of the MLYRB shows that the focus of magmatic activity moved from west to east between 145 and 140 Ma ( fig. 9 ). This shift can be accounted for by a change in subduction angle of the paleo-Pacific slab ( fig.  14) .
The Sr-Nd isotopic composition of the adakitic rocks in the study area is clearly more primitive than that of the HMAs and LMAs in the Dabie orogenic belt, which are, in turn, geochemically more akin to the Yangtze lower crust ( fig. 7) . Thus, it seems likely that the Dabie HMAs and LMAs formed in a completely different tectonic setting, probably related to postorogenic extension of the Dabie crust.
On the basis of these observations, the following tectonic model is proposed for the petrogenesis of the Edong-Jiurui adakites ( fig. 14) . During the Jurassic, oceanic crust from the paleo-Pacific Plate was subducted beneath the Yangtze block (Zhou and Li 2000; Li and Li 2007) . In an early stage of low-angle/flat subduction ( fig. 14a) , adakitic melts were produced from the down-going slab (Gutscher et al. 2000) . The melts had high water content and oxygen fugacity that prevailed in the melts, giving rise to the release of significant amount of copper- The lithospheric mantle beneath the Edong-Jiurui area was metasomatized by the adakitic melts, and finally, hydrothermal solutions associated with the magmas mobilized iron in high concentration, giving rise to the Fe ore deposits. MLYRB p middle-lower Yangtze River belt; MORB p mid-ocean ridge basalt. and gold-bearing sulfides from the subducting metabasalts or surrounding mantle. These elements contributed to the mineralization in the Edong-Jiurui area, which started around 152 Ma. As the subducting slab changed from amphibolite facies to eclogite facies, its density increased and it became less buoyant ( fig. 14b) . The subduction angle increased and shortened the arc-trench distance, resulting in a shift of the magmatic activity from west to east into the Tongling-Anqing area around 145-140 Ma. The geodynamic environment of the MLYRB changed from compression to extension, causing pressure release in the crust and lithospheric mantle during the Early Cretaceous (Chang et al. 1991; Li et al. 2008;  fig. 14c ). Melting of a previously metasomatized subcontinental lithospheric mantle gave rise to Fe-rich magmatism in areas of weakened crust (Jinniu, Huaining, Luzong, and Ningwu basins) within the MLYRB.
Conclusions
Adakites with copper-style mineralization of the Edong-Jiurui district formed between 152 and 139 Ma, during subduction-related magmatism. The chronological results exhibit a shift in the peak of magmatism from west (∼145 Ma, Edong-Jiurui area) to east (∼140 Ma, Anqing-Tongling area). The adakitic rocks show little evidence of contamination by ancient arc crust and portray a magmatic fractional crystallization trend. It is concluded that the adakitic character bears the fingerprint of the source area. A garnet-amphibolite source rock is envisaged for the Edong-Jiurui adakites, whereas the Tiantangzhai LMAs and the Meichuan HMAs in the Dabie orogen contain material from the Yangtze lower continental crust. The adakitic rocks in the Edong-Jiurui area were derived from the young and newly subducted paleo-Pacific slab and overlying sediments during amphibolite-eclogite facies transition. Igneous rocks that host iron ore bodies are younger (135-120 Ma) and formed after rollback of the paleo-Pacific Plate by partial melting of the lithospheric mantle metasomatized by slab-derived fluids or adakitic melts.
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